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ABSTRACT

Objectives: This study compared the amount of apically extruded debris and irrigant using VDW.ROTATE
instruments with different kinematics (continuous rotation and reciprocation motion) and the ProTaper Gold system.
Methods: Sixty extracted mandibular premolar teeth were selected. The teeth were prepared for the agar gel model.
The roots were randomly divided into three groups (n=20). In two groups, the root canals were instrumented using
the following movement kinematics: VDW.ROTATE reciprocation motion and continuous rotation. In the other
group, root canals were prepared with ProTaper Gold. Apically extruded debris and irrigant during instrumentation
were collected into preweighed Eppendorf tubes and were assessed with an electronic balance. All procedures
were performed in a 35oC hot water bath. The data were analyzed using the Shapiro–Wilk and Kruskal–Wallis
tests at a 5% significance level. Results: ROTATE-Reciprocation extruded the least amount of debris, but this
finding was not significant when compared with the amount of debris and irrigant extruded by the ProTaper Gold
and ROTATE-Rotation (p>.05). Conclusion: All instrumentation kinematics were associated with apical debris
and irrigant extrusion. Movement kinematics did not affect the amount of apically extruded debris and irrigants
when using VDW.ROTATE instruments.
Key words: agar gel model, apical extrusion, kinematics, ProTaper Gold, VDW.ROTATE
How to cite this article: Falakaloğlu S, Özata MY İriboz E. The effects of two instrumentation techniques
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INTRODUCTION
The ProTaper Gold (Dentsply Maillefer, Ballaigues,
Switzerland) is made of “Gold Wire” and has some
characteristics similar to those of Controlled Memory
wire (CM wire).10 This rotary system has a unique
instrument design with a triangular cross-section and a
variable progressive taper.11 The ProTaper Gold system
was compared with many file systems with different
kinematics in terms of AED.12–14 The VDW.ROTATE
(VDW GmbH, Munich, Germany) is made of a special
heat-treated “Blue Wire” NiTi alloy. According to the
manufacturer, this rotary system has a double-bladed,
adapted-S cross-sectional design and a constant taper.
The instruments’ designs and increased flexibility
reduce canal transportation and preserve root canal
anatomy.15 NiTi file systems with S-shapes and different

The apical ext r usion of debr is (A ED) du r ing
chemomechanical preparation has been reported in the
literature; however, many factors affect the amount of
AED, including the preparation technique, kinematics,
and the number, design, and size of the instruments
used in each system.1 A reduction in AED is desirable
to help reduce postoperative pain after root canal
treatment.2 The AED is the main cause of periodontal
ligament inflammation.3 The existing literature is
divided on whether reciprocating movement produces
more AED than continuous rotation.4 Some studies
showed no significant differences between the two
motions.5–7 However, there are studies indicating that
continuous rotating motion causes more AED than
reciprocating movement.8,9
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names are produced by the same manufacturers in the
market. Burklein and Schafer found that the Reciproc
(VDW GmbH, Munich, Germany) file system extruded
significantly more debris than the Mtwo (VDW GmbH,
Munich, Germany) file system, both of which have an
identical S-shaped, cross-sectional design.16 However,
Arslan et al. reported that reciprocating motions of
150o counterclockwise (CCW)/30o clockwise (CW) and
270o CCW/30o CW produced fewer debris extrusions
compared with continuous rotation when using
Reciproc instruments as root canal instrumentation.17 In
contrast to the view that conventional rotary file systems
were associated with more debris extrusions than single
file systems that used reciprocating motion,1,18 some
researchers have observed similar amounts of AED
when using both rotary and reciprocating systems.19,20
To the best of our knowledge, no published studies have
investigated the effects of different kinematics on the
apical extrusion of debris and irrigants (AEDI) during
canal preparation using the VDW.ROTATE system.
Therefore, the purpose of the present study was to
compare the amount of AEDI after instrumentation of
root canals using the VDW.ROTATE system with both
reciprocation and continuous rotation and also using
the ProTaper Gold system.

Figure 1. Description and visualization of AEDI calculation

canal until the tip was seen through the major apical
foramen. Then, the working length was determined by
subtracting 1 mm from this length. No tooth had an
apical foramen greater than 0.15mm.

The null hypotheses of the present study were there
would be no significant difference in the mean
weights of AEDI by a VDW.ROTATE used in either a
continuous rotation or a reciprocating motion and there
would be no significant differences between the VDW.
ROTATE and ProTaper Gold systems regarding AEDI.

The selected roots were randomly divided into three
groups of 20 each and numbered. The root surfaces of
each tooth were covered with a Teflon band, except for
1 mm of the apical part. The weight of the samples was
measured three times using an electronic scale of 10 -4
g (Denver Instrument, New York, USA), and the mean
value was calculated. Then, as Lu et al. described in
their study, 1.5 grams of agar was dissolved in 100 ml
of sterile distilled water with the help of a microwave
and a homogeneous mixture was prepared.23 Agar gel (3
mL, 1.5%) was injected into Eppendorf tubes, and the
samples were fixed into the tubes at the cementoenamel
junction using cyanoacrylate adhesive (UHU Patafix;
UHU GmbH & Co. KG, Baden, Germany) to prevent
leakage of the irrigating solution through the hole. After
gelation of the agar, the weights of the tubes, including
the agar solution, were measured three times. The
weight of each tooth-free apparatus was calculated by
subtracting the value of the first weight measurement
of each sample from the value of the second weight
measurement23,24 (Figure 1). The Eppendorf tubes were
positioned in a glass bottle filled with water, and the
equipment was placed in a 35oC hot water bath (JSR
Research Inc., Republic of Korea).25

METHODS
This study was approved by the local ethics committee
(Research Ethics Committee of Afyonkarahisar Health
Sciences University, Afyonkarahisar, Turkey; No: 2011KAEK-2/2020/13). Based on a previous study,21 a power
calculation was performed using G*Power 3.1 software
(Heinrich Heine University, Dusseldorf, Germany)
with α= 0.05 and ß= 0.80. The calculation indicated that
the sample size for each group must be a minimum
of 19 teeth. Therefore, 60 mandibular premolar teeth
that had been extracted for periodontal reasons were
included in the study. The inclusion criteria were that
all the selected teeth must have mature apices with a
single apical foramen without resorption/calcification
or previous root canal treatment and that the root must
have less than a 5o curvature.22 Soft- and hard-tissue
debris on the external surfaces of all the teeth was
mechanically removed. To increase standardization,
only teeth with lengths between 19 and 21 mm, as
measured using a millimeter ruler, were included in
the study.

Each instrument used was used on four specimens to
simulate a molar having four canals. The root canal
preparation was complete when the final instrument of
each system reached the working length. Using a 30-G
IrriFlex needle (Produits Dentaires SA, Switzerland),

All teeth were decoronated, and a #15 K-file (VDW
GmbH, Munich, Germany) was advanced within the
62

Journal of Dentistry Indonesia 2022, Vol. 29, No. 1, 61-66
the canals were irrigated with 5 mL 2.5% NaOCl
solution. To standardize the irrigation protocol, the
needle was attached to a device (Mindray BeneFusion
SP1, Shenzhen, China) and inserted into the canal
within 2 mm of the working length without binding
and moved in an up-and-down motion. In all groups,
the flow rate of the irrigating solution was constant
and equal to 2.5 ml/min. After completion of the
preparation, final irrigation was applied using 5 mL
of 17% EDTA followed by 5 mL of 2.5% NaOCl. All
endodontic procedures were completed by a single
operator.
1. ROTATE-Rotation (VDW.ROTATE in continuous
rotation motion): The root canals were prepared
using the ROTATE 20.05 and 25.06 files at 300 rpm
and 2.0 Ncm of torque produced by an endomotor
(VDW Gold; VDW, Munich, Germany).
2. ROTATE-Reciprocation (VDW.ROTATE in
reciprocation motion): The root canals were
prepared using the ROTATE 20.05 and 25.06 files
at 300 rpm and CCW = 150o/CW = 30o using a
torque‑controlled endomotor (Genius; Ultradent
Products Inc., South Jordan, UT, USA).
3. ProTaper Gold (in continuous rotation motion): The
root canals were prepared using ProTaper Gold S2
(20.04), F1 (20.07), and F2 (25.08) files at 300 rpm
and 2.0 Ncm of torque using an endomotor (VDW
Gold; VDW, Munich, Germany).

Table 1. The mean, standard deviation (SD), median,
minimum, and maximum values of AEDI for all instruments,
in milligrams.
Group
(n=20)

Mean ±
SD

Median (Minimum-Maximum) H

p

VDW
ROTATERotation 32.0 ± 38.7 13.3 (4.0 – 143.4)
VDW
ROTATE4.754 0.093*
Reciprocation
17.8 ± 31.8 11.4 (0.9 – 147.6)
Protaper
Gold

28.7 ± 32.3 19.5 (1.0 – 120.6)

*Kruskal Wallis H test

When the root canal preparation was completed, the
Eppendorf tubes were removed from the glass bottles,
and the teeth were removed from the tubes. After
the Teflon bands were removed from the teeth, each
apparatus was weighed three times consecutively.
The amount of AEDI was calculated by subtracting
the weight of the tooth-free apparatus from the postpreparation weight. The mean weight of each tube
containing debris and irrigant was recorded. All the
measurements of AEDI were performed by a second
independent operator.

Figure 2. The amount of AEDI for all groups, in milligrams

(p<.05). The ROTATE-Reciprocation extr uded
the least amount of debris, but this finding was not
significant when compared with the amounts of AEDI
by the ROTATE-Rotation and the ProTaper Gold
(p<.05).

Statistical Analysis
The Shapiro–Wilk test indicated that the data showed
non–normal distribution (p<.05). The amounts of
AEDI for the three groups were analyzed using the
Kruskal–Wallis H test and SPSS 20.0 software (IBM
Corp., Armonk, NY, USA). The level of significance
was set at p<.05.

DISCUSSION
Extrusion of tissue residues, root canal filling materials,
and irrigation solution outside the apical foramen has
been associated with flare-up, which is an unpleasant
post-treatment condition.3 The amount of AED may be
one determining factor in the severity of inflammatory
response.26 Previous studies have reported that all file
systems used in the preparation resulted in AED.27,28
In addition, the length of the irrigation needle, the
penetration of the tip of the needle into the apical, and
the speed of irrigant administration can cause irrigant
extrusion.29 Accordingly, as in other studies, we used a
30-G IrriFlex irrigation needle integrated into a syringe
pump for the irrigation procedure, set at a speed of 2.5

RESULTS
Table 1 shows the descriptive statistics regarding
the AEDI in each group. All groups and kinematics
caused AEDI, and the amount of AEDI in milligrams
has shown in Figure 2. There were no statistically
significant differences among the ROTATE-Rotation,
ROTATE-Reciprocation, and ProTaper Gold groups
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ml/min.30,31 Moreover, NaOCl and EDTA were used in
the present investigation as irrigating solutions.

Therefore, in the present study, each instrument used
had a different cross-sectional design: the VDW.
ROTATE has an S-shaped cross-sectional design
for higher cutting efficiency, and the ProTaper Gold
has a triangular cross-section design. Another study
found that instrument designs can provide space that
improves the cutting, loading, and transportation of
debris in the coronal direction.37 The results of that
study may explain why the present study found similar
amounts of AEDI in all groups.

The present study was designed to evaluate the amount
of AEDI by chemomechanically preparing root canals
using the VDW.ROTATE in both reciprocation and
continuous rotation and using the ProTaper Gold system
in continuous rotation. According to our literature
research, only one study had determined the amount
of AED produced when the VDW.ROTATE instrument
was used during root canal preparation. Düzgün et al.
reported no statistical difference between the AED
resulting from using the VDW.ROTATE, EdgeFile,
OneCurve, and K3XF systems.32 In the current study,
the ProTaper Gold and VDW.ROTATE, which are
wires with different heat treatments, did not show a
statistically significant difference. The “Gold Wire”
heat-treated process of the ProTaper Gold and “Blue
Wire” heat-treated process of the VDW.ROTATE
instruments were evaluated with debris and irrigant
extrusion. Also, the evaluated rotary file systems are
characterized by different tapers; the ProTaper Gold has
a variable progressive taper, and VDW.ROTATE has
a constant taper. Although the instrument taper of the
tested rotary file system was different, it did not result
in statistical differences between the systems.

Yet another study found that the presence of periapical
tissues around the apical foramen and the resistance
of this tissue may impede the extrusion of debris and
irrigation solution from the apical foramen, thereby
affecting the results.38 That study used the agar gel
method to simulate periapical tissues. Lu et al. reported
that a 1.5% agar gel model had a similar density
and provided resistance similar to that of periapical
tissues. 23 However, the agar gel model has some
limitations, as the thickness of agar gel around the apex
is standard, a circumstance that does not represent all
periapical conditions. In addition, it has been thought
that the use of real teeth might affect study results due
to differences in the microhardness of the dentine.2
Hemptinne et al. reported that 35oC is the average
temperature inside a root canal.39 This temperature
affects the physical characteristics of the rotary file.40
Using a hot water bath might affect the instruments’
topographic properties. Therefore, in the present study,
an agar gel model with real teeth was placed into a 35oC
hot water bath to replicate the clinical conditions in the
method used by Uslu et al.25

Uygun reported that when VDW.ROTATE instruments
were used in a reciprocation motion, the fracture
resistance increased compared to when it was used
in a continuous rotation motion. 33 Considering
the results of this study, we wanted to examine
the effect of VDW.ROTATE on AEDI when used
with different kinematics. In the present study, all
experimental groups caused AEDI. However, there
were no statistically significant differences among
the ROTATE-Rotation, ROTATE-Reciprocation, and
ProTaper Gold systems. Therefore, the null hypotheses
were accepted. Other studies compared rotary and
reciprocating systems using another methodology
and detected no statistical difference, although minor
numeric differences were identified.19,20 In the present
study, we compared different kinematics using the
same NiTi system and found no statistically significant
differences among them. We observed less debris
and irrigants in the ROTATE-Reciprocation group,
although this difference was not statistically significant.
Similarly, De-Deus et al. 34 used the ProTaper F2
instrument in a conventional sequence and in reciprocal
movement; although the reciprocal movement of the
F2 extruded less apical debris than the conventional
sequence, the difference was not significant.

CONCLUSION
Within the limitations of this in vitro study of
extracted teeth, all the kinematics and instruments
used caused AEDI. Although Ni-Ti instruments used
with reciprocating motion are more resistant to cyclic
fatigue, there are no statistical differences in the effect
of different kinematics on debris and irrigant extrusion.
Further investigations are needed to confirm the present
findings of different kinematic effects on AEDI.
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